INTRODUCTION
The conversion of natural habitat to other land uses and its consequences on environmental changes has been acknowledged as the main driver of biodiversity loss at the Southeast Asia and global scales (Sodhi . 2004) and by 2100 the impact of land use changes on biodiversity is likely to be more significant than that of climate change, nitrogen deposition, species introductions and changing atmospheric concentrations (Sala 2000; Young 2009 ). Therefore, detecting environmental changes due to land-use change is needed in order to avoid the continuous loss of biodiversity.
Bioindicators have been proven to be useful tools for monitoring and detecting changes in the environment. Species have different ecological requirements and their reactions to environmental variation are different from one another. Therefore, some species are better indicators than others (Dufrêne & Legendre 1997) . Some species are generalists occurring in a wide range of habitats (ubiquitous), while others are more specialized, requiring certain habitat characteristics ( ). A bioindicator can be defined as a species or a species group that reflects the abiotic or biotic state of the environment ( ), represents the impact of environmental change on a habitat, community or ecosystems ( ), or indicates the diversity of other species ( ) (McGeoch 1998) . One of the reasons for using bioindicators is their cost-effectiveness. By using bioindicators it is possible to assess the impact of human activities on the biota, instead of examining the entire biota. Especially useful are species that provide early warning of change (Spellerberg 1993) Environmental changes can cause different kinds of effects in the indicator, including physiological changes or changes in species number or abundance. The response of the species can be seen within the organism (e.g. heavy-metal concentrations), at the species level (species number and abundance) or at the community level (relations between species, e.g. pestpredator). Increase or decrease or abundance of species number might be directly caused by change in abiotic and/or biotic factors or indirectly by change of species assemblage of other species (Davis . 2001; Rainio & Niemela 2003; Hambler . 2011; Gerlach . 2013) . A good bioindicator must fulfill several criteria. It has to be well-known taxonomically and ecologically, be distributed over a broad geographic area, have specialization to certain habitat requirements, provide early warning of change, be easy and cost-effective to survey, be relatively independent of sample size. Its response should reflect the response of other species, one should be able to differentiate between natural cycles or trends and those induced by anthropogenic stress, and it should be of potential economic importance (e.g. Noss 1990; Pearson & Cassola 1992) . However, it is difficult to find species or species groups which would have all of these criteria (Noss 1990; Pearson & Cassola 1992) . Requirements needed depend on the goal of the survey and the sensitivity to the anthropogenic disturbance is the most important criteria for monitoring environmental changes (Kremen . 1993) . In this study dung beetles (Coleoptera: Scarabaeidae) was selected as a bioindicator group because it has been widely known as one of the best bioindicator groups (e.g. Halffter & Favila 1993; McGeoch 2002) . Dung beetles have been proven to be very suitable to assess effects of disturbances on tropical ecosystems (Nichols . 2007; Shahabuddin 2010 ) and human habitat modification (Shahabuddin 2010; Harvey 2006) due to their abundance, highly varied with respect to species traits, and rapid responses to environmental change (Slade . 2011; Shahabuddin . 2005 Shahabuddin . & 2010 Spector 2006; Slade . 2011) . Another advantage is their relatively complete species inventories and their data on the abundance of individual species can be achieved rapidly with standardized methods (Larsen & Forsyth, 2005) . Recently, dung beetles have been identified as one of the most cost-effective group for biodiversity survey in tropical forests (Kessler . 2011 ) and contributors in improving the level of soil carbon stocks (Kessler . 2012) .
One method used to quantify the 'bioindicator value' of a range of taxa is the indicator value ( ) method developed by Dufrene and Legendre (1997) . This method combines measurements of the degree of specificity of a species to an ecological state, for example a habitat type, and its fidelity within that state (Dufrene & Legendre 1997) . Species with a high specificity and high fidelity within a habitat will have a high indicator value. High fidelity (frequency of occurrence) of a species across sample sites is generally associated with large abundance of individuals. Both characteristics facilitate sampling and monitoring, which are important requirements for a useful bioindicator (Kremen . 1994; McGeoch . 2002) .
The indicator value method is important to conservation biology because it is conceptually straightforward and allows researchers to identify bioindicators for any combination of habitat types or areas of interest, e.g. existing conservation areas, or groups of sites based on the outcome of a classification procedure (McGeoch & Chown 1998) . Accordingly, method has become the most robust and popular method used to measure indicator species analysis (Mc.Geoch . 2002; Aydin & Kazak 2010; Negro . 2011) .
In Central Sulawesi, forest habitats especially in the interior of Lore Lindu National Park (LLNP) are still relatively undisturbed while the margins of the park are characterized by a mosaic land-use type such as near-primary forests, secondary forests, forest gardens and plantations of cacao, maize and paddy rice fields (Gerold . 2004 ). This study aimed to evaluate the effectiveness of dung beetles as bioindicator of environmental changes across land-use gradient in the margins of LLNP.
This study was carried out at the northern margin of the LLNP in Central Sulawesi, Indonesia. The Park, a local biodiversity hot spot covers an area of 229,000 ha and is located southeast of Palu, the capital of Central Sulawesi Province. All study sites were selected at the surrounding of the Palolo Valley in the vicinity of the villages of Bobo . Our previous study also showed that at the same weight of bait (ca. 30 g) cattle dung attracts the dung beetles with similar species composition found in the dung of anoa ( ), an endemic herbivore of Sulawesi (Shahabuddin . 2010 ). The trapped specimens were removed after two days and preserved in Scheerpelz solution (Krell 2007) . Later on, the samples were identified in the laboratory using available identification keys (e.g. Balthasar 1963) and by comparing to the reference collection of the Center for Biodiversity Research Tadulako University. Species which could not be identified, were sorted to morphospecies.
Several habitat parameters (i.e. vegetation structure and microclimate) affecting the dung beetles diversity (see Davis . 2001; Shahabuddin 2010) were measured to characterize the land-use types including air temperature, relative humidity, canopy cover, and herb layer coverage. The relative humidity at the start and end of the exposure period were measured using a digital thermo-hygrometer (Corona Model: GL 99) 1 m above ground while the canopy cover was visually estimated at four locations per site for a corridor of ca. 10 m inside the plot. The herb coverage was estimated at four plots of 2x2 m randomly placed at ca. 5 m inside the plot. Based on the environmental variables measured all land-use types were then grouped using a two-dimensional scaling (Clarke 1993; StatSoft 2001) .
The three most widely used measures of species diversity were species richness, Shannon-Wiener Index and Simpson Index (Si = ∑ pi ) (Lande 1996) . Species richness of dung beetles was estimated using the second-order jackknife extrapolation method (Colwell, 2004) , one of the best species richness predictor with respect to accuracy (e.g. Brose . 2003) . As units for estimating the total species richness of land-use type, samples from all traps and replicates were pooled for individual sample . times ( = 6) due to the close proximity between each trap and site. Effects of habitat type on diversity were tested using one-way ANOVA. Abundance data were transformed by log (n+1) before analysis (Zar 1999 = / where is the number of sites in cluster (habitat) j where species is present, and is the total number of sites in that cluster. The percentage indicator value for species in cluster (habitat) is then:
= × × 100. The indicator values are the highest (100) when all individuals of a species are found in a single habitat (high specificity) and when the species occurs in all samples of that habitat (high fidelity). Species with between 50% to less than 70% is categorized as the detector or generalist species while those species with significant of greater than 70% were regarded as characteristic indicator species for the particular habitat type (Mc.Geoch . 2002) .
A total of 1996 dung beetles specimens were collected during the study period. They belongs to four genera (dominated by ) and 28 species (for complete species list see Shahabuddin 2013) . However, only 16 species were recorded in both sample periods (2009 and 2012) . The diversity of dung beetles changed from natural forest, to agroforestry cacao and to open area. Interestingly, the diversity of dung beetles in both forest types and the two types of cacao plantations tend to be similar but significantly higher than that in open cultivated area (Table 1) . Hence, this study showed that secondary forest and agroforestry system may support a high portion of tropical dung beetles species than in the bare land and thereby in line with the findings by Nichols . (2007) and our previous study (Shahabuddin . 2010) .
The fact that agroforestry system has high potency for conserving high biodiversity supported by previous study (e.g. McNely & Scroth 2006; . However, the results may also be related with the spatial distribution of our study sites. The agroforestry cacao sites were closer to the natural and secondary forest than to the open area and has a high opportunity to be colonized by dung beetles coming from the forest sites. Therefore, the high diversity of dung beetles at the cacao agroforestry system is also related to their close proximity to the forest sites. It has 
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been reported that neighboring forest or isolation from forest may determine insect communities in tropical land-use systems Klein . 2006 ). Agroforestry systems can be part of the habitat for many forest species using it for foraging, but they may also harbour largely independent populations.
Nonetheless, this study suggests that the preservation of environmental heterogeneity should be encouraged for conserving dung beetles in the LLNP, Central Sulawesi. This is important because high diversity of dung beetles in tropical land-use will enhance its ecosystem function and this ecological services will be diminished by increasing human dominated land-use (Shahabuddin 2011; Slade . 2011; Kudavidanage 2012) . In more natural and heterogeneous habitats, such as natural forest and agroforestry system, dung removal, biological control and seed dispersal activities of dung beetles were higher than in homogenous or disturbed habitats (Slade . 2007; Nichols . 2008; Shahabuddin 2011; Slade . 2011) .
Because the dung beetles diversity at the forest sites (natural forest and secondary forest) and the cacao plantation sites (agroforestry cacao and cacao plantation) were similar to each other but significantly higher than in the open area (Table 1) , the indicator species analysis land-use type is only classified into three groups, : forest, agroforestry cacao and open area. The high similarity of environmental parameter measured among these three groups of land-use types was supported by ANOVA showing that temperature and herb coverage decreased from the natural and secondary forest to the open area while canopy and humidity showed a reverse pattern. However, a highly significant difference of environmental parameter measured was only recorded in the open area (Fig. 1) . This land-use type grouping was also supported by the ordination technique using multidimensional scaling (Fig. 2) .
Based on analysis of 16 dung beetles species collected in two sampling years (2009 and 2012) , this study recorded four species having less than 70% and therefore, can be used as indicator (characteristic) species that are: at forest sites, at cacao plantation, as well as and at open area (Table 2) of > 70%) are unlikely to move from their requisite to other habitat types, even under changing conditions within this habitat. Accordingly, populations of these species need only to be monitored within the specific habitat.
Beside indicator species, this study has recorded several generalist or moderate species with between 50% to less than 70%. These species were therefore, not characteristic species, as they do not have high of more than 70% for any particular habitat. Species meeting these criteria are unlikely to respond very rapidly to changing habitat conditions. They can invade either close canopy or moist habitat e.g. natural forest, cacao agroforestry or cacao plantation but also open or warmer environment such us open area. Furthermore, these species are less likely to become more vulnerable than indicator species, because a variety of habitats or ecological states, rather than only a single one, provide suitable resources for them and accordingly this group of species will be useful for longer-term monitoring.
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The fact that diversity of dung beetles at secondary forest and agroforestry system has no significant differences with natural forest has important implications on landscape management aiming at maintaining a high biodiversity. Besides natural forest sites, certain agroecosystems like cacao agroforestry also have potency to maintain a high local diversity. Dung beetles have high potency to be used as bioindicator (i.e. ecological indicator) in relation with their fidelity and specificity to a particular type of habitat. and can be suggested as indicator (characteristic) species of cooler and shaded habitats (e.g. forest sites and cacao agroforestry system), while and can be suggested as indicator of warmer and unshaded habitats (e.g. open cultivated area). The remaining dung beetles species found across the land-use types in the margin of LLNP, Central Sulawesi are better to be categorized as detector or moderate species.
